ABSTRACT. Dysregulation of miRNAs is associated with cancer development and progression. For example, aberrant expression of miR-874 has been found in some types of cancer. However, miR-874 expression and its clinical significance in colorectal cancer (CRC) have not yet been explored. The aim of the current study was to explore the effects of miR-874 in CRC tumorigenesis and development. Quantitative reverse-transcription PCR was performed to evaluate miR-874 levels in CRC cell lines and in 135 pairs of primary human CRC specimens and adjacent noncancerous tissues. The association of miR-874 expression with clinicopathological factors and prognosis was also analyzed. Furthermore, the effects of miR-874 on the biological behavior of CRC cells in vitro were investigated. Our results revealed that miR-874 expression was significantly downregulated in CRC cancer tissues and cell lines. Decreased miR-874 expression was significantly associated with larger tumor size, deeper invasion depth, and advanced TNM stage in vivo. Additionally, low miR-874 expression in CRC was an independent predictor of poor survival. Moreover, overexpression of miR-874 inhibited cell proliferation, invasion, and migration, and promoted cell apoptosis of the SW620 CRC cell line in vitro. Taken together, these findings indicate that miR-874 may act as a tumor suppressor in CRC, and may serve as a novel therapeutic target for miR-based therapy.
INTRODUCTION
Colorectal cancer (CRC) is the third leading cause of deaths among those caused by all human malignancies (Siegel et al., 2012) . Despite significant advances in the management of CRC, the survival of patients with advanced CRC has changed little over the past 10 years. Previous studies have demonstrated diverse genetic alterations in CRC, but the highly complex molecular mechanisms underlying CRC carcinogenesis and progression remain obscure. Therefore, it is necessary to identify novel markers for CRC, which can accurately define the biological characteristics of CRC tumors, improve therapeutic strategies, and predict clinical outcome.
MicroRNAs (miRs) are a class of naturally occurring, small (19-24 nucleotides in length), single-stranded, non-protein-coding RNAs, which suppress translation or promote the degradation of target messenger RNAs (mRNAs) through base pairing with the 3'-untranslated regions (Bartel, 2004; Bartel, 2009) . It has been shown that miRs regulate many biological events including cancer development (Chen, 2005; Cech and Steitz, 2014) . Some highly expressed miRs may function as oncogenes by repressing tumor suppressor genes, whereas lowly expressed miRs may function as tumor suppressors by negatively regulating oncogenes. In terms of CRC, abnormal expression of several miRs such as miR-27b, miR-133b, miR-124 have been reported (Ye et al., 2013; Zhang et al., 2013b; Xiang and Li, 2014) . Additionally, Zhang et al. (2013a) found that ectopic expression of miR-224 promoted CRC tumor cell proliferation, migration, and invasion in vitro. Zheng et al. (2014) indicated that downregulation of miR-132 in CRC was associated with tumor size, distant metastasis, and TNM stage. Furthermore, , and miR-378a-5p expressions were identified as independent prognostic factors for CRC (Yu et al., 2013; Zhang et al., 2014a) . miR-129 sensitized CRC cells to 5-FU both in vitro and in vivo (Karaayvaz et al., 2013) , and miR-124 increased the radiosensitivity of CRC cells (Zhang et al. 2014b) . Taken together, these previous findings suggest that miRs act not only as diagnostic and prognostic markers, but also as potential therapeutic targets of CRC.
miR-874 is located on chromosome 5q31.2, which is a well-known frequent fragile site in the human genome that is often deleted in cancers and genetic disorders, and this site is also specifically correlated with chromosomal rearrangements in cancer (Kesanakurti et al., 2013) . miR-874 has been observed to be downregulated in maxillary sinus squamous cell carcinoma (Nohata et al., 2011) , gastric cancer Jiang et al., 2014; Zhang et al., 2015) , non-small cell lung cancer (Kesanakurti et al., 2013) , and breast cancer , and acts as a candidate tumor suppressor in these tumors. However, the potential role of miR-874 in the regulation of CRC tumorigenesis is still unknown.
In the present study, we examined miR-874 expression in CRC tissues and cell lines. We also investigated the correlation between miR-874 levels and clinicopathological characteristics and patient survival. Moreover, we explored the role of miR-874 in the regulation of biological behaviors of CRC cells.
MATERIAL AND METHODS

Patients and clinical specimens
This study was approved by the Research Ethics Committee of Wendeng Central Hospital of Weihai. Written informed consent was obtained from all included patients. All specimens were handled and made anonymous according to ethical and legal standards.
A total of 135 pairs of primary CRC and adjacent noncancerous tissues were obtained from patients who underwent surgery at Wendeng Central Hospital of Weihai between February 2009 and January 2011. The diagnoses of all samples were histopathologically confirmed by two pathologists. All specimens were frozen immediately in liquid nitrogen and stored at -80°C until analysis. Patients with two or more different malignancies were excluded. None of the patients had undergone chemotherapy or radiotherapy before surgery. Details of clinical and pathological characteristics of the patients are summarized in Table 1 . Follow-up data were available for all patients. Overall survival was defined as the amount of time from the day of primary surgery to the date of death or the end of follow-up (for living patients). 
Cell lines and miR transfection
The human CRC cell lines HT29, HCT116, SW480, and SW620, as well as the NCM460 normal colonic epithelial cell line, were purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). The cells were maintained in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin and 100 µg/mL streptomycin sulfate. All cells were incubated at 37°C in a humidified atmosphere containing 5% CO 2 . miR-874 mimics and negative control (miR-NC) were designed and synthesized by GenePharma Co. (Shanghai, China). For RNA transfection, CRC cells were seeded into each well of 24-well plate and incubated overnight, then transfected with miR-874 mimics or miR-NC using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to manufacturer instructions. The cells were collected for further experiments 48 h post-transfection.
RNA extraction and quantitative reverse-transcription PCR
Total RNA was extracted from CRC cells and clinical specimens using TRIzol Reagent (Invitrogen). Complementary DNA (cDNA) was synthesized from isolated RNA using a TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). Quantitative PCR was performed with a Taqman MicroRNA Assay Kit (Applied Biosystems) on the ABI 7500 real-time PCR detection system. U6 small nuclear RNA was used as an internal control. All reactions were run in triplicates, and the relative amount of miR-874 to U6 was calculated using the equation 2 -∆Ct , where ∆CT = (CT miR-874 -CT U6 ).
Cell proliferation assay
The in vitro cell proliferation was measured using the MTT method. Briefly, CRC cells were seeded into 96-well plates (approximately 4 x 10 3 cells/well) and incubated at 37°C after transfection. At different time points (24, 48, 72, or 96 h), 20 µL MTT solution (5 mg/mL; Sigma, St. Louis, MO, USA) was added into each well and the cells were incubated for another 4 hours. Then, 150 µL dimethyl sulfoxide was added to stop the reaction. The plates were gently shaken on a swing bed for 10 min, and the absorbance value/optical density as measured at 490 nm on a microplate reader (Molecular Devices, Sunnyvale, CA, USA).
Detection of apoptosis by flow cytometry
The CRC cells were harvested, washed, and resuspended in ice-cold PBS after miR transfection. Then, the cells were treated with propidium iodide (10 µg/mL; Sigma) and an Annexin V-FITC antibody (50 µg/mL, BD Biosciences, San Jose, CA, USA) in the dark for 15 min at room temperature, and examined by flow cytometry (FACScan; BD Biosciences).
Cell invasion and migration assays
Cell invasion and migration assays were performed using 24-well transwell plates (8-mm pore size, Corning, New York, NY, USA). For the migration assay, approximately 1 x 10 5 CRC cells suspended in serum-free media were added to the upper chamber. The lower chamber contained medium with 10% FBS as a chemoattractant. Following a 48 h-incubation, the cells located on the surface of the lower chamber were stained and counted using a microscope (Olympus Corp., Tokyo, Japan). The invasion assay protocol was similar to the migration assay except that the upper chambers were first covered with Matrigel.
Statistical analysis
All statistical analyses were performed using the SPSS 16.0 software package (SPSS, Chicago, IL, USA). The differences between groups were assessed by Student t-tests and Chisquared tests. Survival curves were constructed using the Kaplan-Meier method and compared by a log-rank test. The significance of survival variables was evaluated using a multivariate Cox proportional hazards regression analysis. P < 0.05 was considered statistically significant.
RESULTS
Decreased miR-874 expression in CRC tissues and cell lines
We performed a quantitative PCR analysis to detect the expression levels of miR-874 in CRC tissues and cell lines. Our results showed that miR-874 was significantly decreased in CRC tissues (mean ± SD: 7.15 ± 1.88) when compared to that in paired adjacent normal tissues (mean ± SD: 21.36 ± 4.51) (P < 0.01; Figure 1A ). The miR-874 expression in four CRC cell lines (HT-29, HCT116, SW620, and SW480) was also significantly downregulated compared to that in the NCM460 normal colonic epithelial cell line ( Figure 1B ). The SW620 cell line, which possessed the lowest level of miR-874 expression among all tested cell lines, was selected for further studies. Relative expression levels of miR-874 in colorectal cancer (CRC) tissues and cell lines. A. miR-874 expression was significantly lower in CRC tissues than that in the corresponding noncancerous tissues. miR-874 expression levels were calculated by the 2 -∆Ct method and normalized to U6 small nuclear RNA. B. miR-874 expression was downregulated in the CRC cell lines HT29, HCT116, SW620, and SW480 compared to that in the human normal colonic epithelial cell line NCM460. *P < 0.05; **P < 0.01.
Correlation between miR-874 expression and clinical features and prognosis of CRC patients
To evaluate the correlation between miR-874 expression and clinicopathological characteristics, the 135 CRC patients were classified into two groups (low or high) according to whether they had lower or higher expression than the median expression value of miR-874. We then compared the clinicopathological characteristics of the low and high miR-874 expression groups ( Table 1 ) and found that low expression of miR-874 was significantly correlated with larger tumor size (P = 0.001), deeper invasion depth (P = 0.004), and advanced TNM stage (P < 0.001).
The Kaplan-Meier survival analysis showed that low miR-874 expression correlated with shorter overall survival (Figure 2) . A univariate proportional hazard model also revealed a statistically significant correlation between overall survival and tumor size (P = 0.026), local invasion (P = 0.035), and TNM stage (P < 0.001; Table 2 ). A multivariate Cox regression analysis including the aforementioned parameters revealed that miR-874 expression [relative risk (RR) = 3.658; P = 0.008] and TNM stage (RR = 5.344; P = 0.001) were independent prognostic markers for overall survival of CRC patients (Table 2 ).
Figure 2. Kaplan-Meier survival curves for CRC patients based on miR-874 expression. Patients in the low expression group had significantly poorer prognosis than those in the high expression group (P < 0.001, log-rank test). 
Effects of miR-874 on CRC cell proliferation, apoptosis, invasion, and migration in vitro
Next, we assessed the biological role of miR-874 in SW620 cells. As shown in Figure 3A , the expression level of miR-874 in miR-874 mimic transfected cells was significantly higher compared with that of NC transfected cells (P < 0.001). The MTT assay showed that cell proliferation was significantly impaired after miR-874 mimic transfection compared to that of controls ( Figure 3B) .
We also observed an increase in cell apoptosis in miR-874 mimic transfected cells compared to that in controls ( Figure 3C ). Transwell invasion and migration assays were performed to investigate whether miR-874 had a direct influence on SW620 cell migration and invasion. As shown in Figure 3D and E, miR-874 mimic transfection impeded cell invasion and migration compared with those of controls. 
DISCUSSION
Dysregulation of miRs has been demonstrated to be involved in tumorigenesis and progression in various types of cancers; however, the elucidation of their potential roles in CRC remains in its early stages. In the present study, we found that miR-874 expression was significantly downregulated in CRC tissue samples and cell lines, and that the loss of miR-874 expression was associated with larger tumor size, deeper invasion depth, advanced clinical stage, and shorter overall survival, which indicates that miR-874 may be involved in CRC progression and could be used as a potential prognostic biomarker. Furthermore, the forced overexpression of miR-874 significantly inhibited CRC cell proliferation, invasion, and migration, as well as promoted cell apoptosis in vitro. To our knowledge, this is the first time that it has been shown that miR-874 may function as a tumor suppressor in CRC.
Previous research has revealed dysregulated miR-874 expression and its tumor suppressive function in many human malignancies. In vitro, ectopic miR-874 expression suppressed tumor cell proliferation and promoted cell apoptosis in head and neck squamous cell carcinoma (Nohata et al., 2013) , breast cancer , and gastric cancer (Jiang et al., 2014) . Upregulation of miR-874 also reduced the cell-invading ability of non-small cell lung cancer and maxillary sinus squamous cell carcinoma cells (Nohata et al., 2011; Kesanakurti et al., 2013) . In vivo, Jiang et al. (2014) found that there was decreased miR-874 expression, which correlated with poor tumor differentiation, lymph node metastasis, and advanced tumor stage in patients with gastric cancer. Furthermore, miR-874 overexpression significantly suppressed in vivo tumor growth and angiogenesis in nude mouse models (Kesanakurti et al., 2013; Jiang et al., 2014; Zhang et al., 2015) . Taken together, these findings suggest that miR-874 may play an important role not only in tumor initiation and progression, but may also be a molecular target for therapies for human malignancies.
It is now understood that miRs execute their oncogenic or tumor suppressive functions by regulating the expression of target genes (Liu et al., 2014) . With regard to miR-874, several targets have been reported including PPP1CA (Nohata et al., 2011) , AQP3 (Jiang et al., 2014) , HDAC1 (Nohata et al., 2013) , MMP-2 (Kesanakurti et al., 2013) , CDK9 , and STAT3 (Zhang et al., 2015) . However, it is predicted that an average miR can have more than 100 targets (Brennecke et al., 2005) , and more than one miR can converge on a single transcript target (Krek et al., 2005) . Therefore, how miR-874 affects cancer progression accurately is still not well understood, and thus the corroboration of the molecular targets/characteristics of miR-874 remains an important facet in future investigations.
In summary, the present study showed that miR-874 was downregulated in CRC tissues and cell lines. Additionally, this low expression pattern was found to be significantly correlated with aggressive clinicopathological features and worse prognosis. Furthermore, in vitro functional assays demonstrated that miR-874 inhibited CRC cell growth and invasion. Together, our data implicate the potential application of miR-874 as a tumor suppressor in CRC therapy, and also as a tumor marker for predicting prognosis.
